To analyze Drosophila alcohol dehydrogenase gene (Adh) expression and tissue distribution at various developmental stages, we devised several immunochemical techniques making use of monoclonal antibodies against Drosophila alcohol dehydrogenase (ADH), which had been obtained previously. We here report their application to analyze the expression of Adh in a wild-type strain of D. melanogaster. s-ELISA tests were performed to evaluate fluctuations in ADH content and specific activity during development in individual organs as well as in whole individuals. In all cases, ADH specific activity appeared to be quite constant, which implies that variations in enzyme activity reflect differences in protein content. Immunoblottings of crude homogenates revealed immunoreactive low relative molecular l~lilss peptides
Introduction
The amount of information that has been gathered on the alcohol dehydrogenase gene-enzyme (Adh-ADH) system in Drosophila makes it an ideal model to approach some fundamental questions concerning temporal expression and tissue specificity of eukaryotic genes (for reviews see Sullivan et al., 1990; Chambers, 1988; Sofer and Martin, 1987; Ashbumer, 1985) . The developmental profile of ADH activity in D. melanogaster shows wide variations between different stages, and histochemical analysis on whole organs indicates that ADH activity also displays a specific pattern of spatial distribution (Ursprung et al., 1970) . The Drosophila ADH gene-enzyme system has been analyzed at dfirent levels. The main biochemical and structural features of the ADH protein appear to be conserved even among species belonging to different subgenera (Villarroya et al., 1989; Atrian and GonzUez-Duarte, 1985) . Transcription products of Adh have also been characterized in different in addition to the 27 KD monomeric band, showing a conserved banding pattern in different organs and developmental stages. Immunohistochemical assays on whole organs were used to analyze the general pattem of ADH distribution. Immunoperoxidase staining of ayoseaions proved to be of crucial relevance, as it yielded full details of the tissue localization of ADH within the ADH-positive organs. We have shown not only that ADH displays a specific distribution in some organs but also that the enzyme is restricted to certain cell types. (J Histochem Cytochem 40:3949, 1992 Drosophda species. In D. melanogaster, two similar transcripts are produced from two different promoters that control a single structural gene (Benyajati et al., 1983) . Identical polypeptide chains are synthesized when these transcripts are translated. Northern blots with RNAs from different stages reveal that maximal accumulation of Adh mRNA from the proximal promoter appears at the third larval instar, whereas maximum levels of distal transcripts accumulate at the adult stage. Transcripts at the white prepupae and pupae stages are almost undetectable (Savakis et al., 1986; Savakis and Ashburner, 1985) . In situ hybridization assays have provided detailed information about the spatial distribution of Adh transcripts in different developmental stages (Lockett and Ashbumer, 1989) .
Adh expression has usually been monitored by RNA measurements and extensive data have been accumulated on Adh transcriptional regulation (Hebedein et al., 1985; Posakony et al., 1985) . However, in eukaryotic organisms regulation at a post-transcriptional level could be of relevance for the control of gene function. Therefore, analysis of gene expression at the protein level could provide valuable information on other crucial regulatory steps. At both the biochemical and the histochemical level, quantification of ADH activity is the most usual approach to evaluate the ADH content, VISA, FIBLA, SANTA-CRUZ. GON7LhLDUARTE although only the active enzyme can be detected and specificity cannot be guaranteed. We have produced monoclonal antibodies (mAb) against A D H (Fibla et al., 1989) which have proved to be invaluable tools for immunochemical purposes at the protein level. The main aim of the present study was to develop immunochemical methods to analyze the temporal pattern of A D H protein distribution and to determine the precise localization of the enzyme in different organs and tissues in a wild-type strain of D. melanogaster
Materials and Methods
Biological Material. All the assays were performed with the strain Drosophila mefanogaster AdhF, homozygous for the "fast" allele of the Adh gene, constructed by Dr. B. Clarke (Department of Genetics, University of Nottingham, Nottingham, UK). D. mefanogaster Adhn4 was used as a negative control; this strain was isolated after EMS mutagenesis by Grell et al. (1968) and characterized as CRM(-) by Schwartz and Sofer (1976) .
Purified ADH from D. febanonensis was used as a positive control in immunoblotting assays.
Synduony of Developmental Stages. Flies were cultured in normal cornmeal medium at 25°C. Eggs and larval stages were obtained according to Roberts (1986) . Eggs were collected from small cages 5-10 hr after mating.
First instar lame were collected when hatching from eggs (22 hr after oviposition). Larvae were further selected on the basis of their size at 72 hr after oviposition (second instar) and at 110 hr (third instar). Pupal stages were also determined according to Bainbridge and Bownes (1981) . These pupal stages were arranged in three groups referred to the stages defined previously. Adult flies were collected just after eclosion and 4-10 days post eclosion.
Antibodies. MAb MMBB8 specific for Drosophifa ADH was used in this study (Fibla et al., 1989) . Rabbit anti-mouse immunoglobulin coupled to peroxidase (Nordic; Tilburg, The Netherlands) was used as a second antibody in indirect assays. MAb 1DE7 against a viral protein Uiminez et al., 1986) that does not crossreact with Drosophzfa proteins was used as a negative control.
Solutions and Buffers.
Ringer's solution: 90 mM NaCI, 3 mM KCI, 3 mM CaC12, pH 7. Preparation of Total Soluble Protein (TSP). Crude extracts of whole individuals or dissected organs for s-ELISA and immunoblotting assays were obtained according to Fibla et al. (1989) . Total protein was quantified by the method of Bradford (1976) , using BSA (Boehringer Mannheim) as a standard Electrophoresis, Protein Blotting, and Immunostaining. Polyacrylamide gel electrophoresis (SDS-PAGE) was carried out according to Laemmli (1970) in 15% polyacrylamide gels. Samples were mixed with an equal volume of 2 x SB and applied in the gel. After electrophoresis the gels were soaked in 20% glycerol, 50 mM Tris-HCI, pH 7.4, for 30 min and electroblotted to nitrocellulose filters (Hybond; Amersham International, Lttle Chalfont, Buckinghamshire, UK) at 0.5-1 A, below 35°C in carbonate buffer according to Dunn (1986) . After blotting, the nitrocellulose filters were saturated with 10% Molico dry milk (Nestli; Barcelona, Spain) in PBS for 2 hr at 37°C and then incubated for 1 hr with hybridoma culture at room temperature. The binding of antibodies was detected with a rabbit anti-mouse IgG coupled to peroxidase (1:3000 dilution in PBS). Immunoblots were developed using developing solution supplemented with 0.2% CoCl2.
Quantitative
Assays. An enzyme-linked sandwich immunoassay (s-ELISA) was used to evaluate the ADH protein in crude extracts (Fibla et al.. 1989) . ADH activity of crude homogenates was quantified according to Juan and Gonzilez-Duarte (1980) . Histochemical Staining. The histochemical assay for ADH was carried out as described by Ursprung et al. (1970) , with some modifications. Organs were dissected in Ringer's solution, fixed for 60-90 min in 4% paraformaldehyde (Merck) in PBS, washed in PBS for 1 hr, and incubated in the staining solution for 20-40 min at 37'C in the dark. The organs were then washed in PBS and mounted in glycerol.
Immunohistochemical Staining on Whole Organs. The organs were dissected in Ringer's solution, fixed with 4% paraformaldehyde (Merck) in 0.1 M phosphate buffer, pH 7.2, for 1 hr at room temperature, and washed for 1 hr in the same buffer. The organs were then incubated in 3% H102 for 5 min to abolish endogenous peroxidase activity and washed in PBSG for 10 min. The samples were permeabilized by incubation in PBSG containing 1% Triton X-100 for 10 min. Thereafter, the organs were washed for 5 min and incubated with washing solution containing 1% BSA for a minimum of 60 min. Incubations with the first antibody (supernatant from the corresponding hybridoma culture at 1:2 dilution in the BSA solution) were performed for 1 hr at room temperature and overnight at 4°C. The organs were then washed and incubated with the peroxidase-conjugated antibody (1:250 dilution in the 1% BSA solution) for 2 hr at room temperature. After 3 washes, peroxidase activity was detected with developing solution. The stained organs were finally rinsed with water and mounted in glycerol. Negative controls were processed with samples from the Adhn4 strain.
Immunohistochemical Staining on Cryostat Sections. Dissected organs were fixed with 4% paraformaldehyde (Merck), 0.1% glutaraldehyde (Merck) in phosphate buffer 0.1 M, pH 7.2, for 60-90 min, washed with the same buffer, and embedded in a 10% gelatin solution (preheated to 37°C and then cooled to 4°C to solidify). The gelatin blocs were cryoprotected in a solution of 30% sucrose in phosphate buffer, frozen in isopentane cooled with liquid nitrogen and sectioned in a cryostat (Frigocut; Reichter-Jung, Wien, Austria) at -20 to -2S"C. Sections 5-7 pm thick were mounted on polylysine-coated slides and dried on a plate at 37'C. To abolish endogenous peroxidase activity the slides were incubated in a solution of 25 mM HCI in ethanol for 15 min and washed with PBS. The sections were then saturated with 1% BSA in PBSG for 40-60 min, incubated with the first antibody (hybridoma supernatant 1:2 dilution) for 1 hr at room temperature, and washed with PBS. After incubation with the second antibody for 1 hr the slides were washed again in PBS and peroxidase activity was developed. The slides were then counterstained with methylene blue and mounted in Sandeural (Gurr; BDH Chemicals, Poole, UK). To optimize the immunohistochemical assay and to ensure its specificity. fat body s a mples from wild-type: individuals were processed as positive controls. Negative controls for antigen and antibody were also performed. The first was the Adhn4 strain and the second was the mAb 1DE7.
Results

Developmental Profile of ADH
To evaluate the amount of ADH present during development, an s-ELISA test was performed with individuals of D. melanogaster A h F . ADH activity was also determined from aliquots of the same samples. Fluctuations in ADH activity were in accordance with m iations in ADH content (Figure l ). In agreement with previous observations (Ursprung et al., 1970) , minimal values corresponded to pupal stages and ADH specific activity was maintained during development with very small fluctuations.
According to our results, ADH activity per individual is higher in adults than in larvae (Table I) , in agreement with other authors (Ursprung et al., 1970) . However, if ADH activity is referred to mg of total soluble protein, adults display slightly lower levels than larvae ( Figure 1 ). This profile is not conserved in all the AdhF stocks analyzed (Anderson and McDonald, 1981b) , which also show a great amount of variability (Van Delden, 1982) .
The s-ELISA test was carried out with samples from dissected organs of individuals at different developmental stages and ADH activity was also quantified (Eble 1). In all the stages analyzed, most of the ADH protein was contained in the fat body. In third instar larvae this organ contained more than 60% of the total ADH recovered (equivalent to 32% of the amount detected in a whole individual) and 26% was present in the digestive duct. ADH detected in the Malpighian tubules only represented 1.5 % of the total ADH recovered. In adults most of the ADH was found in the fat body and digestive duct. Minor fluctuations were detected in ADH specific activity in each organ, as was the case for whole individuals in different developmental stages.
It is worth considering some internal discrepancies arising from the data shown in Table 1 . Substantial losses of material during organ dissection would account for the differences observed between the sum of ADH activities (or amounts) of the individual organs (ADH recovered) and those obtained for whole animals. In addition, ADH quantification is not reliable when isolated organs containing low levels of enzyme are analyzed, even when immunohistochemical methods give positive results. The concentration of the homogenate needed to produce detectable enzyme levels leads to a substantial increase in contaminants that affect the sensitivity and specificity of the s-ELISA test. In these cases, either there is a wide error range, as happens in larval Malpighian tubules, or antigen detection is precluded, as is the case in several adult organs. Figure 2 . Blotted nitrocellulose filters of crude homogenates from different develop mental stages: embryo (Lane l), first instar larvae (Lane 2), second instar larvae (Lane 3), third instar larvae (Lane 4); pupal stages 1 to 15 determined according to Bainbridge and Bownes (1981) , P1 to P4 (Lane 5). P5 to P9 (Lane 6), and P10 lo P15 (Lane 7); newly emerged adults (Lane 8) and 4-to 10day-old adults (Lane 9). Samples containing 200 ng of ADH evaluated by s-ELISA. were run, transferred, and immunodetected with MAb MMBB8. Crude homogenate mntaining 40 pg of total protein of D. melanogaster Adhn4 (Lane 10) and 100 ng of purified ADH of D. lebenonensis (Lane 11) were used as negative and positive controls, respectively. The expression of Adh during development was also analyzed at the protein level by immunoblotting assays (Figure 2) . A band of 27 KD corresponding to the D. mefanogarter ADH monomer appeared in all three stages, and other minor bands were also detected. These assays were based on the use of a specific MAb for ADH (Fibla et al.. 1989) which can immunodetect one or more bands depending on the blotting conditions. Using the standard method described by Towbin et al. (1979) . only the ADH monomer was detected (Fibla et al., 1989) . In contrast, the modified method of Dunn (1986). specifically designed to favor the detection of degradation products with MAb, yields a discrete banding pattern (Figures 2 and 3 ) which corresponds to ADH degradation peptides that were not detected in samples from D. mefanogaster ADH-null strains (Fig. 2, Lane 10) but were clearly observed in the Drosophifa strain with crossreacting material for ADH. The ADH monomer and the degradation products were also present in some dissected organs (Figure 3) . The proteolytic pattern was conserved among organs, although the intensity of bands showed striking differences. In samples of some adult organs, such as Malpighian tubules, crop, and male reproductive system, only the main band was observed. In contrast, others such as gut. fat body, and female genitalia displayed an intense proteolytic pattern. Similar differences were also found among larval organs, not only in the intensity of bands but also in their relative molecular masses. It should be noted that in both male and female genital apparatus the intensity of staining observed in the immunoblottings was probably overestimated owing to the presence of fat cells attached to the genital systems.
20-l4-
Distribution of ADH in Wbole Organs
In addition to conventional histochemical assays (Ursprung et al., 1970;  and our data not shown), immunostaining assays on whole organs were performed to determine the general pattern of ADH protein distribution in larvae and adults.
Larvae. Results shown in Figure 4 and Table 2 indicate that in third instar larvae the ADH protein was mainly confined within the fat body, digestive tract, and Malpighian tubules. In the fat body ADH appeared to be evenly distributed ( Figure 4a 
Granular distribution; perinuclear
Granular distribution; perinuclear predominance predominance regional differences were found, as is the case for other enzymes (Rizki, 1964) . Instead, regional differences were observed along the digestive duct, in agreement with data obtained using histochemical methods. High levels of ADH protein were regularly found in certain regions of the midgut such as the gastric caeca (Figure 4b ) and the posterior portion just before the ureter opening ( Figure  4c ). In the Malpighian tubules ADH appeared to be uniformly distributed except in the distal segment of the anterior pair, which was ADH negative. Several other organs or tissues were also found to be ADH negative: the brain, the imaginal discs (Figure 4d ), the salivary glands (Figure 4e ), the gonads, and the carcass.
Adults. The general trend of ADH distribution in adults resembled that of larvae, although regional differences were found in certain organs ( Figure 5$ Table 3 ). In the digestive system ADH displayed a specific distribution pattern (Figure 5a -Sd) and some foregut and hindgut structures were ADH positive, contrary to what was observed in larvae. In agreement with results obtained from immunoblotting assays, histochemical methods revealed that both pairs of Malpighian tubules showed intense staining along their whole length. However, immunohistochemical staining of dissected tubules resulted in a much fainter signal (Figure 5c ). Samples con-taining skeletal musculature and carcass from the caudal region of adult flies were also analyzed, but ADH was not detected. In the female genitalia (Figure se) ADH was detected in several structures: the oviducts, the seminal receptacle, and the ovaries. However, it is worth noting that the ovaries displayed intense positive staining only after histochemical methods, whereas after i"unostaining they showed much fainter staining. As the bulk of ADH in the ovaries was mainly concentrated within the ovarian chambers, which may have been synthesizing their protective coats, the aforementioned result could well be due to permeabilization problems: the envelopes of the developing oocyte prevent the proper access of antibodies into the chamber. Histochemical and immunohistochemical assays also confirmed the presence of ADH protein in some male genital structures ( Figure Sf) , indicating that the enzyme is mainly concentrated in the musculature of the ejaculatory bulb and in the seminal vesicle.
Tissue Localization of ADH
Immunohistochemical methods were applied on cryostat sections to determine the tissue localization of ADH within the ADH positive organs.
Larvae. Data obtained on cryostat sections (Figure 4f -4j) confirmed the absence of detectable ADH levels in salivary glands, imaginal discs, gonads, and brain, although the connective tissue surrounding the brain showed specific staining. This may explain the weak band observed in immunoblottings of larval brain homogenates. It is also worth mentioning that both the carcass and the hypoderm were ADH negative, although the carcass tended to display unspecific staining. Moreover, the fat body and musculature remnants attached to the hypoderm contained high levels of ADH responsible for positive staining on immunoblottings. In fat body sections all cells were found to display comparable intensity of staining and no regional differences were detected. ADH was localized in the cytoplasm of the fat body cells, where it appeared to be uniformly distributed. Only lipid droplets and nuclei remained unstained.
The analysis of sections from different portions of the digestive tract confirmed the regional differences in ADH content, showing that all along the larval midgut ADH was restricted to epithelial cells. However, the subcellular localization of this enzyme within the epithelial cells differed from one region to another. Thus, in gastric caeca and anterior midgut (Figures 4f and 4g) immunostaining was more intense in the luminal portion of the cytoplasm, whereas in the posterior midgut cells the staining was evenly distributed throughout all the cytoplasm (Figure 4h ). The gut regenerative cells and the visceral musculature surrounding the epithelium were never ADH positive.
Adults. Immunohistochemical assays were performed to elucidate the tissue localization of ADH in the adult organs ( Figures  5g-5n ). Cryostat sections of some foregut structures, such as esophagus and crop, gave positive staining. This was observed all along the stalk epithelium of the crop and in the wall of the sac (Figures  5g and 5g') , although whether the stain corresponded to the muscle or epithelial cells was not clear. In the stomodeal valve, formed by invagination of the end of the esophagus into the cardia, both layers of epithelium were found to be ADH positive ( Mainly in the musculature of the bulb and 5h). The longitudinal muscle fibers filling the space between these epithelial layers also showed specific staining, although it was much fainter. In the adult midgut ADH was detected in the cardia and in some regions of the ventriculus (Figures Si and 52) . In both cases staining was restricted to the cytoplasm of the epithelial cells. It is worth noting that the staining observed in the basal cytoplasm of the ventricular epithelial cells was more intense than in their luminal portion. Conversely, in the anterior intestine ADH was restricted to the muscular coat while the epithelial cells did not dis-play positive staining (Figure 5j) . In the posterior intestine or recnun, the rectal papillae were found to show uniform staining except in the central cavity (Figure 5m ). Immunostained cryostat sections of Malpighian tubules revealed a considerable amount of ADH (Figure 51) , although weak staining had been observed after immunoassays on whole organs. Difficulties in antibody penetration could explain this result, and the intense blue staining obtained after histochemical assays supports this hypothesis.
The tissue distribution of ADH in several structures of the female reproductive system was also analyzed. Within the owies most of the staining was detected in the ovarian chambers, both in nurse cells and in oocytes. Weak staining was observed in the peritoneal sheathes that envelope the ovaries. The lateral and common oviducts contained detectable amounts of ADH, mainly located in the muscular coat (Figure 5k ). Other ducts in the female genitalia, such as those of the accessory glands and spermathecae, also displayed the same pattern of staining, although neither of these latter organs would exhibit positive staining by themselves. It is worth noting that the brown color in the capsule in the central region of each spermatheca was not due to immunostaining but rather to the sclerotized intima secreted by this organ (Figures 5n and 5n') .
In sections of the seminal receptacle, faint staining was observed in the outer portion of the tube wall, whose distribution resembled that found in other ducts of the female reproductive system.
Discussion
The regulation of gene expression in Drosopbila is currently being studied at many levels. One of the most promising approaches is the study of regulation of gene expression during development, since it involves the activation and repression of specific genes. In the case of Adh, indirect methods such as evaluation of ADH activity have provided a considerable amount of information. Fluctuations in this activity have been reported during development and in ddferent tissues, but the actual content of the ADH protein has remained unknown, mainly owing to the lack of immunospecific tools. We have set up several immunochemical techniques based on monoclonal specific antibodies for ADH (Fibla et al., 1989 ) and here we report their application to analyze the expression of Adh.
Hybridoma technology provides additional advantages over conventional polyclonal antibodies (Day et al., 1974; Gibson, 1972) , as hybridomas produce single populations of highly specific immunoglobulins with well-defined crossreactivities, minimizing unwanted crossreactions and improving signal-to-noise ratios. With these specific tools we were able to perform a direct and detailed analysis of the temporal and spatial pattern of Adh gene expression at the protein level. We have performed quantitative assays (s-ELISA test) to evaluate fluctuations in the ADH content at different developmental stages as well as to determine the amount of ADH in individual organs. The specific activity can then be evaluated obviating references to total protein content. Qualitative methods have also been used to analyze the general pattem of ADH distribution. In particular, the immunohistochemical assays performed on cryostat sections have been of crucial relevance because they have provided full details of the tissue localization of ADH within the ADH-positive organs. We have shown not only that ADH displays a specific distribution within specific organs but also that the enzyme is restricted to certain cell types. The application of an s-ELISA test to evaluate the ADH content in different samples with precision revealed the specific activity of ADH during development as well as in individual organs. In all cases, ADH activity parallels ADH-protein content, indicating that the specific activity of the enzyme is rather coastant. Therefore, fluctuations of enzyme activity will always reflect quantitative differences in ADH protein.
The immunoblotting approach revealed low relative molecular mass peptides in addition to the main band of 27 KD (ADH monomer). These peptides were characterized as proteolytic fragments of ADH because they were absent in immunoblots of the null CRM( -) strain Adhn4. The pattern of proteolytic bands observed in developmental stages and organs shows differences in band intensities but the general pattern is essentially conserved. We have characterized species-specific proteolytic pattems after the analysis of 22 Drosophih species belonging to different subgenera (Fibla et al., manuscript in preparation) .
When considering the overall data on ADH specific activity (%ble 1) and banding patterns (Figures 2 and 3 ), it seems difficult to reconcile the constancy observed for the former with the variable amount of degraded protein in different tissues and stages. However, this could be explained if proteolysis were restricted to determinate conditions in vitro. Indeed, we have experimental evidence that ADH is susceptible to degradation in the presence of SDS and that this is a time-dependent effect. As this proteolytic phenomenon appears to be an in vitro process, it has nothing to do with the in vivo status of the ADH and is therefore independent of the maintenance of the specific activity of the enzyme.
Fluctuations in the amount of degradation products found in different organs (Figure 3 ) could be explained by the different proteolytic activities released during homogenization being enhanced in the SDS-containing buffer (Walker and Anderson, 1985) . Consequently, proteolytic agents from the different organs are all present in homogenates of whole individuals, thus contributing to a banding pattern that does not necessarily correspond to the sum of those obtained with the isolated organs.
The lack of degradation bands in some organs could be explained by the lower content of proteases in these tissues, but this argument cannot justify the poor degradation pattern observed in pupae, where intense histolytic processes are occurring. However, other types of observations may support different behavior of pupal ADH. If the half-life of the enzyme is that reported for adults, 55 hours (Anderson and McDonald, 1981a), and because de novo synthesis of ADH is absent at this stage (Savakis et al., 1986; Savakis and Ashburner, 1985) , there should be a steep decrease of ADH: 75% if cultures are grown at 25°C. Instead, data reported by different authors (Ursprung et al., 1970) and results shown in Figure 1 indicate that there is an approximate decrease of only 30%.
Up to now, histochemical assays performed on whole organs have proved to be extremely valuable to examine the overall pattem of enzyme distribution in individual organs. However, other dehydrogenase activities present in the sample, as well as nonspecific artifacts, cannot be discarded. For instance, our analysis of sections of stained organs reveals the formation of clumps of crystals within lipid droplets of fat body cells (data not shown). These could be produced by the insolubility of nitroblue tetrazolium and could lead to an erroneous evaluation of the intracellular distribution of ADH. A similar phenomenon was reported (Nachlas et al., 1957) showing that high concentrations of lipids could favor crystallization. On the other hand, samples from the ADH-null strain sometimes display red-purple staining that cannot be ascribed to ADH activity. Therefore, this histochemical method can lead to falsepositive results. Conversely, the immunohistochemical assay performed on whole organs yields a high degree of specificity but can be prone to false negatives owing to insufficient antibody penetration. Then, immunostaining on sections appears to be the most suitable approach for the analysis of ADH distribution, as it avoids permeabilization problems and unspecific staining.
In spite of the great amount of information available on the ADH system in Drosophh, the metabolic role of the enzyme has not yet been completely elucidated. It is well accepted that major functions of ADH are concerned with detoxification of environmental alcohols and utilization of these substrates as nutritive resources, although the metabolic pathways involving ADH activity in vivo are still controversial. In some cases the tissue localization of an enzyme has shed light on its functional role but, unfortunately, this does not seem to be the case for ADH, due to its widespread distribution in so many different cell types and to the great fluctuations reported among species (Dickinson, 1980) . Nevertheless, the great amount of ADH contained in the fat body is totally consistent with the involvement of this enzyme in lipogenesis (Geer et al., 1985) . On the other hand, some recent reports have revealed structural similarities between Drosophila ADH and some human short-chain dehydrogenases involved in steroid metabolism, such as 17fi-hydroxysteroid dehydrogenase and 15 -hydroxyprostaglandin dehydrogenase (Baker, 1990; Krook et al., 1990) . This may support the involvement of ADH in hormone metabolism, acting on substrates other than dietary alcohols, as has already been suggested (Winberg et al., 1982; Madhavan et al., 1973) . Moreover, this could explain why ADH is found in certain structures in which its presence is poorly understood, such as the male and female reproductive systems.
The spatial pattern of ADH distribution we describe is in good agreement with previous data obtained with larvae and adults (Lockett and Ashbumer, 1989; Goldberg et al., 1983; Maroni and Stamey, 1983; Ursprung et al., 1970) . However, the discrepancies arising could be due either to variability among strains or to the different physiological states of the individuals, or both. For instance, minor differences in ADH distribution were observed along the larval midgut even among individuals of the same stock.
Although the analysis of ADH distribution in other Drosophila species has not yet been approached using immunochemical techniques, there is enough information based on histochemical assays to allow comparison with our present data. Comparison between D. mehnogastet and other species belonging to different subgenera reveals high variability. For instance, in the larval digestive tract of D. melanogarter only the midgut contains significant amounts of ADH, whereas in other species such as D. affinidirj'ncta and D. hawaiiensir the proventriculus and the hindgut also display ADH activity. In this latter species, the ADH activity in the Malpighian tubules is very low or undetectable both in larvae and adults, whereas in D. grimshawi it is detectable during the larval stages (Wu et al., 1990; Dickinson, 1980) . It is therefore difficult to ascribe a common spatial pattern for Adh expression in the genus Drosophila, although the high amount of ADH protein in the fat body of all species studied stands out as the only conservative trait. It is worth noting that a larval fat body-specific enhancer has been described in the Adh-1 gene of D. mulleri (Fischer and Maniatis, 1988) . Although in many cases sequence divergence precludes the identification of homologous regulatory elements in unrelated species (Moses et al., W O ) , sequence motifs with significant similarity have recently been found in the Adh promoter region of D. ambigua, a species belonging to the obscura group (Marfany and GonzPlez-Duarte, 1991) . These results, taken together with the high levels of ADH protein contained in the fat body of all the species analyzed, suggest that fat body-specific enhancers controlling the expression of Adh in the organ could constitute a common element in Drosophila Adh regulation. Activation of this enhancer would then be a necessary requirement for a threshold level of enzyme activity to be reached.
